C oronary artery ectasia (CAE) is defined as coronary artery dilatation with a diameter measuring 1.5 times or more that of the normal adjacent coronary artery. CAE is often viewed as a variant of obstructive coronary atherosclerosis. Exaggerated positive vascular remodeling due to inflammation and chronic overstimulation of the endothelium by nitric oxide are potential causative mechanisms. [1] Heart rate variability (HRV) is the change in heart rate from beat to beat. HRV measurements can noninvasively provide information about the autonomic nervous system, including information regarding its vagal and sympathetic components. [2] [3] [4] Lowered HRV, as a parameter of the patient's autonomic function, has been shown to be another predictor of future cardiac events, cardiac death, arrhythmia, and all-cause mortality in patients with acute myocardial infarction. Lowered HRV is also related to coronary artery disease (CAD) and progression of coronary atherosclerosis. [5] [6] [7] [8] [9] HRV is reduced in ischemic heart disease, regardless of previous myocardial infarction, and has been shown to be attenuated in patients with CAD. HRV may, therefore, be used for the early detection of myocardial ischemia. [10] Changes in vagal modulation and sympathetic activity of cardiac function, as assessed by HRV analysis in patients with CAE and CAD, were investigated in the present study.
METHODS

Study population
The study population consisted of 60 consecutive patients with CAE (14 women; mean age 51.63±7.44 years), 60 consecutive patients with CAD (15 women; mean age 53.67±9.31 years), and 59 healthy individuals who had undergone coronary angiography (13 women; mean age 52.85±8.19 years). Exclusion criteria included acute coronary syndrome, congestive heart failure, 50% or more occlusive coronary artery lesions with CAE, valvular heart disease, pacemaker implantation, persistent atrial fibrillation, frequent atrial or ventricular premature beats, conduction defects, Wolff-Parkinson-White syndrome, peripheral vascular diseases, pericarditis, peripheral neuropathy, congenital heart disease, presence of diabetes mellitus, use of b-adrenergic blocking agents and digoxin, alcohol abuse, renal, hepatic, or thyroid disease, left ventricular hypertrophy, and left ventricular diastolic and systolic dysfunction. Electrocardiograms, 24-hour Holter analyses, recording analyses, and routine biochemical tests were performed, and clinical characteristics were evaluated. CAE was defined as nonobstructive lesion of the epicardial coronary arteries with a luminal dilation measuring 1.5 times that of a normal diameter. Coronary aneurysm was defined as a dilation exceeding 1.5 times that of a normal diameter. If no adjacent normal segment could be identified, mean diameters of coronary segments in a control group without heart disease served as normal values. [11] [12] [13] CAD group was defined as patients with 50% or more occlusive coronary artery lesions. For eccentric lesions, the projection with the highest degree of stenosis was used. Quantification of lesions was performed visually, as was quantification of left ventricular function. After coronary angiography, 59 healthy individuals with normal coronary arteries were selected for inclusion. Left ventricular ejection fraction was measured using modified Simpson's rule. Mean of 3 measurements of the technically best cardiac cycles was recorded. Severity of stenosis was determined by visual estimation in 2 or more orthogonal views. Angiographic findings were assessed by experienced cardiologists. Operators reading angiograms were unaware of the results of laboratory analyses. Number, location, and severity of lesions in each arterial segment were recorded.
Heart rate variability analysis
HRV analysis was performed with 24-hour Holter recording according to Task Force of the European Society of Cardiology and North American Society of Pacing and Electrophysiology guidelines.
[14] Holter analysis was performed on a DMS 300-4A system (DM Software, Stateline, NV, USA) and independently analyzed by 2 cardiologists. Arrhythmia was defined as occurrence of atrial or ventricular premature Table 2 ). In the CAE group, 5 patients had premature atrial contractions, 5 had premature ventricular contractions, 3 had both, 3 had supraventricular tachycardia, and 2 had paroxysmal atrial fibrillation.
In the CAD group, 9 patients had premature atrial contractions, 8 had premature ventricular contractions, 4 had both, 6 had supraventricular tachycardia, and 3 had paroxysmal atrial fibrillation. In the NCA group, 3 patients had premature atrial contractions, 2 had premature ventricular contractions, and 1 had supraventricular tachycardia. No significant difference in type of arrhythmias among the groups was found (p=0.652). among the CAD and CAE groups (p=0.777, p=0.622, p=0.654; Table 2 ).
Heart rate variability parameters
All significant (p<0.05) parameters in patients with CAE and CAD in the ANOVA and Kruskal-Wallis test analyses (SDNN, RMSSD, TP, VLF, LF/HF, HF, LF, and arrhythmia) were selected in the multinomial logistic regression model. Multinomial logistic regression analysis showed that both low RMSSD (p<0.001) and high LF (p<0.001) were independently correlated with CAE in the first model. In addition, low RMS-SD (p<0.001), high LF (p<0.001), and arrhythmia (p=0.003) were correlated with CAE in the second model (Table 3) . Otherwise, multinomial logistic regression analysis showed that low SDNN (p<0.001), low TP (p=0.034), high TP (p=0.039), and low LF (p=0.030) were independently correlated with CAD in the first model. In addition, low SDNN (p<0.001), high TP (p=0.023), and arrhythmia (p<0.001) were correlated with CAD in the second model (Table 4) .
Coronary angiographic characteristics of CAE and CAD patients
The study population consisted of 60 patients with CAD and 60 patients with CAE; 26.7% had ectasia in 1 vessel, 30% had ectasia in 2 vessels, and 43.3% had ectasia in 3 vessels. In the CAD group, 50% had uniarterial and 50% had multi-arterial disease.
DISCUSSION
The present study is, to the best of our knowledge, the first to compare CAD, CAE, and healthy groups using HRV parameters. Primary findings were, first, that HRV parameters were higher in patients with CAE, indicating lower sympathetic activity, compared to the CAD group, and second, that the incidence of arrhythmias was higher in patients with CAD.
The most common cause of CAE is CAD. The angiographic incidence of CAE ranges from 0.3% to 5.3%. Atheromatous ulcerations found in the ectatic segments suggest that atherosclerosis is the most common cause of CAE. Perfusion defects have been observed in the myocardial regions that sustain ectatic arteries in patients with CAE. [1] Turbulent blood flow in ectatic segments and loss of laminar flow cause an increase in red blood cell aggregation and thrombogeneity. Distal embolization of the thrombus is the major cause of the correlation between CAE and mi- with a greater risk for life-threatening arrhythmias during myocardial ischemia. [20] Turker et al. found that the incidence of arrhythmias was significantly higher in patients with CAE. [21] Karakaya et al. reported that isolated CAE is associated with prolonged QT interval and increased QT dispersion. Microvascular dysfunction and/or ischemia may be the mechanisms responsible. [22] Microembolisms with consecutive disturbance of coronary perfusion may account for ventricular arrhythmias in patients with CAE. [15] In the present study, incidence of arrhythmias was significantly higher in patients crovascular perfusion defects. The metabolic extent of myocardial ischemia has been found to correlate with diameter and angiographic severity of impaired blood flow in the proximal segment of the left anterior descending coronary artery. [15] Other causes include inflammatory diseases and collagen or connective tissue disorders. [16] [17] [18] Iellamo et al. found that exercise training increases baroreflex sensitivity and heart rate variability in patients with CAD. [19] In an animal study, Hull et al. showed that the presence of depressed vagal reflexes and enhanced sympathetic activation is associated RMSSD was lower in CAE patients than in healthy patients, but differences between the groups were not statistically significant, suggesting that HRV reduction in CAE patients was caused by changes in both autonomic and vagal tone. [21] Long-term indices, including SDNN, represent a general measurement of autonomic nervous system balance in time-domain analyses, whereas short-term indices such as RMSSD predominantly reflect parasympathetic activity. [28, 29] HRV parameters among patients with CAD, CAE, and NCA were investigated in the present study. A comparison of CAD and CAE group time-domain pawith CAD, compared to patients with CAE.
Decrease in vagal modulation or increase in sympathetic activity of cardiac function evaluated by HRV analysis in patients with CAD has been associated with increased risk of arrhythmia and sudden cardiac death. [23, 24] Decreases in HRV are also a reported predictor of mortality in CAD patients. [25] [26] [27] Turker et al. found that that HRV was significantly lower in CAE patients, compared to those without CAE. These researchers observed significant reductions in time-domain indices, with the exception of the RMSSD in the CAE group. In the present study, The lack of correlation in the CAE group can be explained by insufficient sample size, and additional studies with larger sample sizes are needed.
In conclusion, CAE causes myocardial perfusion defects and microvascular dysfunction, as does CAD. Ultimately, these lead to changes in the neural control of the heart and the development of autonomic imbalances. A decrease in vagal modulation or an increase in sympathetic cardiac activity, assessed by HRV analysis, leads to worse outcome in patients with CAD than in patients with CAE.
Conflict-of-interest issues regarding the authorship or article: None declared rameters revealed a statistically significant decrease in SDNN. No difference in RMSSD was observed between the CAD and CAE groups, though RMSSD was lower in the CAD group, compared to the CAE group. SDNN was decreased in both the CAE and CAD groups, though the CAD group demonstrated the lowest SDNN values. SDNN is the most frequently used time-domain parameter. Schwartz et al. used SDNN measurements to estimate total cardiac mortality after myocardial infarction. [30] Huikuri et al. found significant correlations between SDNN and the progression of coronary atherosclerosis. [24] In addition, Kurtoğlu et al. also found HRV values diminished in patients with mitral annular calcification, with or without CAD. Time-domain parameters including SDNN, the SD of 5-minute mean RR intervals (SDANN), and the mean of the SD of all normal-to-normal RR intervals for all 5-minute segments (SDNN index) were found to be decreased in the group with mitral annular calcification.
[31] Topal E. et al. found that short-term trimetazidine therapy improved HRV parameters and endothelial products such as endothelin-1 and nitric oxide, as well as anginal symptoms in patients with slow coronary artery flow. These patients showed an improvement in HRV parameters that correlated with endothelin-1 and nitric oxide levels. [32] Akyel et al. found that HRV was reduced in diabetic patients, indicating that these patients had both endothelial dysfunction and autonomic dysfunction. [33] In analysis of frequency-dependent parameters, an increase in TP, VLF, and HF reflects parasympathetic activity, whereas an increase in LF or LF/HF reflects sympathetic activity. [19] In the present study, TP, VLF, and HF values in frequency-dependent parameters were significantly decreased in the CAD group, compared to the NCA group. These values were also decreased in the CAE group, compared to the NCA group, though a significant difference was found between VLF and HF values. No significant difference in VLF and HF was found between the CAD and CAE groups, with TP being the exception. LF and LF/HF ratios were increased in the CAD group, compared to the others. An increase in LF, a decrease in HF, and an increase in LF/HF values has been demonstrated in many ischemic heart disease studies, including the present. SDNN and TP values were significantly decreased, and LF and LF/HF values were increased in the CAD group, compared to the CAE group, indicative of sympathetic activity.
